Introduction
============

Laryngeal carcinoma (LC) is a common tumor of the head and neck. LC patients at early clinical stages (I and II) are traditionally treated with surgery or radiotherapy, whereas patients with advanced-stage disease (III and IV) may require comprehensive sequential treatment combining surgery, radiotherapy and chemotherapy ([@b1-mco-0-0-1645]). However, despite aggressive treatment, no major improvement has been achieved in terms of prognosis, with a 5-year survival rate of 50--60%, which is even lower in patients at advanced clinical stages ([@b2-mco-0-0-1645]).

Induction chemotherapy (IC) is considered as a reliable approach to controlling locally advanced LC, increasing the rate of laryngeal preservation and decreasing the risk of local spread or distant metastasis, thereby increasing the therapeutic efficacy. However, locoregional control must be performed in accordance with the tumor borders following IC, which should be marked at the start of the therapy ([@b3-mco-0-0-1645]), regardless of the response to IC. The clinical value of IC remains a matter of debate, particularly in cases with resectable advanced LC. Randomized controlled trials (RCTs) have reported conflicting results, whereas earlier systematic reviews have not demonstrated an obvious benefit of IC in terms of overall survival (OS) ([@b4-mco-0-0-1645]--[@b7-mco-0-0-1645]). There is currently no definitive evidence favoring IC with locoregional control over locoregional control alone for locally advanced and resectable LC. Accordingly, a meta-analysis of OS rate, local control, metastases and laryngeal preservation was conducted.

Materials and methods
=====================

### Inclusion criteria

RCTs were considered eligible when they included formerly untreated patients with resectable non-metastatic LC, performing a comparison between IC followed by locoregional treatment (laryngectomy, or radiotherapy, or concomitant radiotherapy and chemotherapy, or laryngectomy combined with radiotherapy or chemoradiotherapy) and locoregional treatment alone. RCTs on laryngeal preservation were also considered as eligible if they performed a comparison between radical surgery together with radiotherapy vs. IC followed by radiotherapy or chemoradiotherapy in responders, or radical surgery with radiation therapy or chemoradiotherapy in non-responders. The included studies were articles published in English and they included patients treated between January 1, 1965 and December 31, 2017.

### Exclusion criteria

The exclusion criteria were the following: i) Abstracts, letters, or meeting proceedings; ii) incomplete studies, studies with data duplication or not reporting outcomes of interest; iii) a case number of \<40.

### Search strategy

A systematic search was performed through Medline, EMBASE and The Cochrane Library for studies published up to June 1985 using a combination of the following search terms: Neoplasms, laryngeal/laryngeal neoplasm/neoplasm/laryngeal/larynx neoplasms/larynx neoplasm/neoplasm, larynx/neoplasms, larynx/cancer of larynx/larynx cancers/laryngeal cancer/cancer, laryngeal/cancers, laryngeal/laryngeal cancers/larynx cancer/cancer, larynx/cancers, larynx/cancer of the larynx, chemotherapies, induction/chemotherapy, induction/induction chemotherapies, laryngectomies/laryngectomy/radiation oncology/oncology, radiation/therapeutic radiology/radiology. The reference lists of the retrieved articles were checked for other relevant publications.

### Data collection and analysis

Independent extraction of the data was performed by two authors. The extracted information included name of first author, publication date, number of patients, patient characteristics, study design/risk of bias, TNM stage and outcome. The data were entered into a standardized Excel file. Disagreements were resolved through discussion and consensus.

Time-to-event data from each study were summarized using the log hazard ratio (HR) and variance. When this information was not reported by the trials, it was estimated from data such as the log-rank test P-value ([@b8-mco-0-0-1645]), whereas time-to-event data were calculated from the Kaplan-Meier survival curves. Kaplan-Meier curves were interpreted with the Engauge Digitizer software, version 4.1. Data were combined using RevMan software, version 5.3. Pooling of the log HR and its variance was performed with the use of an inverse-variance weighted mean, and the findings are presented as HR and 95% confidence interval (95% CI).

The DerSimonian-Laird random effects analysis was used for estimating the differences in survival ([@b9-mco-0-0-1645]) by generating a collective survival difference with a 95% CI using a heterogeneity assay at each endpoint. The survival rate was calculated from the survival curves where it was not readily available in the text or tables. Subjects censored before each endpoint were subtracted from the denominators (patient no. during follow-up), providing a conservative CI for the summary statistic. Counting of the censored cases was performed via placement of tick marks on survival curves ([@b10-mco-0-0-1645]).

Heterogeneity across studies was evaluated with the use of the I^2^ statistic, which is considered as a quantitative measure of irregularity across studies. Studies with I^2^ 25--50% were considered as having low heterogeneity, whereas those with I^2^ 50--75% were considered as having reasonable heterogeneity and those with I^2^\>75% as having high heterogeneity ([@b11-mco-0-0-1645]). I^2^\>50% reflected significant heterogeneity ([@b12-mco-0-0-1645]). A fixed-effects model was applied unless there was significant unexplained heterogeneity, in which case a random-effects model was employed.

Results
=======

A total of 156 citations were identified from the database search: 23 RCTs were excluded due to data duplication and 87 RCTs were excluded after reading the titles and abstracts. A full-text review of the remaining articles was performed, and 3 studies did not include relevant data in detail ([@b13-mco-0-0-1645]--[@b15-mco-0-0-1645]), 3 were published in French ([@b16-mco-0-0-1645]--[@b19-mco-0-0-1645]), and 5 more were excluded as they were systematic reviews ([@b20-mco-0-0-1645]--[@b24-mco-0-0-1645]). Finally, 12 RCTs ([@b25-mco-0-0-1645]--[@b36-mco-0-0-1645]) fulfilled our inclusion criteria and were entered in the present meta-analysis. The flowchart of the study inclusion process is shown in [Fig. 1](#f1-mco-0-0-1645){ref-type="fig"}.

Of the 12 RCTs, 7 were on LC and 5 on hypopharyngeal cancer. All the RCTs compared patients receiving IC followed by locoregional therapy (laryngectomy and/or radiotherapy or concomitant radiotherapy and chemotherapy), vs. those undergoing locoregional therapy alone (laryngectomy and/or radiotherapy or chemoradiotherapy). Despite the differences among these trials, such as duration of the study and/or follow-up, the effect of study heterogeneity on the OS for LC as well as for hypopharyngeal cancer was not statistically significant (I^2^=21%, P=0.28; s 2); moreover, no significant difference in OS was observed between patients who received and those who did not receive IC for hypopharyngeal cancer or laryngeal cancer (HR=1.04, 95% CI: 0.98--1.10, P=0.21; [Fig. 2](#f2-mco-0-0-1645){ref-type="fig"}). However, IC had better treatment outcomes for patients with LC compared with surgery (HR=1.30, 95% CI: 1.16--1.46, P\<0.0001; [Fig. 2](#f2-mco-0-0-1645){ref-type="fig"}), and IC may have result in more adverse side effects in laryngeal cancer compared with radiotherapy (HR=0.89, 95% CI: 0.81--0.98, P=0.02; [Fig. 2](#f2-mco-0-0-1645){ref-type="fig"}), However, as the number of cases in the present study was limited, these results require confirmation through further studies and large multicenter clinical trials.

There was obvious heterogeneity regarding disease-free survival (DFS) (I^2^=88%, P\<0.00001) and laryngeal preservation (LP) (I^2^=93%, P\<0.00001). Accordingly, the random-effects model was applied. The results for DFS were HR=1.24, 95% CI: 0.99--1.56 and P=0.06 ([Fig. 3](#f3-mco-0-0-1645){ref-type="fig"}) and for LP HR=1.01, 95% CI: 0.72--1.40 and P=0.97([Fig. 4](#f4-mco-0-0-1645){ref-type="fig"}). Thus, IC exhibited higher efficacy vs. surgery in LC and vs. radiotherapy in hypopharyngeal cancer.

In the 12 RCTs on LC and hypopharyngeal cancer (including 4,320 patients) that focused on locoregional control, laryngeal preservation was not possible (HR=0.82, 95% CI: 0.76--0.88, P\<0.00001) following IC in responders, without a decrease in OS ([Fig. 5](#f5-mco-0-0-1645){ref-type="fig"}).

No substantial difference was observed in the local recurrence rate between patients who did and those who did not receive IC (HR=0.96, 95% CI: 0.90--1.02, P=0.21) ([Fig. 6](#f6-mco-0-0-1645){ref-type="fig"}). However, in hypopharyngeal carcinoma, the IC group exhibited a significantly lower long-term (5-year) rate of distant recurrence (difference of 11.7%; 95% CI: 10.3--13.3%, P=0.02) vs. surgery ([Fig. 7](#f7-mco-0-0-1645){ref-type="fig"}).

Discussion
==========

In the present study, it was demonstrated that IC was beneficial for patients with locally advanced and resectable LC, with a 11.7% lower rate of distant metastasis. However, this conclusion may differ among different studies. Jie *et al* ([@b3-mco-0-0-1645]) also reported that the IC group had a lower rate of distant metastasis by 8% (95% CI: 1--16, P=0.02). Furthermore, a randomized phase 3 trial ([@b37-mco-0-0-1645]) divided patients into two groups, one receiving IC followed by concurrent chemoradiotherapy (n=70), and the other receiving concurrent chemoradiotherapy alone (n=75); finally, 5 (7%) patients in the induction group and 8 (11%) in the concurrent chemoradiotherapy group developed distant metastasis. Their findings demonstrated that adding IC may be superior to concurrent chemoradiotherapy alone in the treatment of locally advanced head and neck squamous cell carcinoma (HNSCC). However, Su *et al* ([@b38-mco-0-0-1645]) conducted a meta-analysis in 2008, and included 4 RCTs reporting that the difference in distant metastasis between the treatment group and the control group was not significant, while 1 study reported that the difference was statistically significant. Thus, more large-scale RCTs and/or extensive meta-analyses are required. However, IC was not found to be associated with any major differences regarding local recurrence. Furthermore, the TAX324 study ([@b34-mco-0-0-1645]) reported that there was no significant difference in local and distant recurrence between the IC and control groups.

The combination of cisplatin and 5-fluorouracil (PF) was applied as IC. The use of docetaxel has been shown to improve OS rate, but this may due to the patients exhibiting different responses to IC. Human papillomavirus (HPV) infection, smoking, drinking, epidermal growth factor receptor (EGFR) expression and sex may act as prognostic factors in HNSCC ([@b39-mco-0-0-1645]). Among patients with oropharyngeal carcinoma, 64% were HPV-16 positive, and the age range was 55--63 years, with positive subjects being younger compared with negative subjects. Men are more susceptible compared with women (73.3 vs. 41.6%, respectively). The degree of HPV infection and virus subtype was obviously associated with the response to IC and better OS and disease-specific survival. High EGFR expression was also associated with poor response to IC and poor OS. In the present study, smoking appeared to be significantly associated with higher EGFR expression and lower HPV load. The abovementioned factors may affect the OS rate of patients with LC and the extent of response to IC. The additive effect of lower EGFR expression and higher HPV titer was associated with better OS and disease-specific survival. HPV-negative tumors or those with higher EGFR expression had the worst OS and disease-specific survival, as all patients (10/10) succumbed to the disease within 2.5 years. However, IC appears to be beneficial in terms of DFS. The impact of IC is likely to differ according to the location of the tumor. Currently, in patients with resectable locally advanced hypopharyngeal cancer, surgery, radiotherapy or chemoradiotherapy are considered as the standard treatments. As shown in [Fig. 2](#f2-mco-0-0-1645){ref-type="fig"}, in patients with hypopharyngeal cancer, IC is likely to favorably affect OS rate compared with surgery. However, the result does not appear to be consistent with the conventional belief in respect of the sequential or concurrent chemoradiotherapy, as it appears that IC is more effective in LC compared with hypopharyngeal cancer. As regards LC, IC may be beneficial in terms of OS rate in patients with resectable disease, which has also been suggested by other meta-analyses ([@b4-mco-0-0-1645],[@b6-mco-0-0-1645],[@b7-mco-0-0-1645]). This may be due to a number of factors, such as the heterogeneity of the patients and the location of the tumor, and the data of the present study may not suffice. Therefore, it is necessary to analyze the factors associated with the response to IC in patients with advanced LC.

In addition, PF + docetaxel (TPF) is hypothesized to be the optimal IC choice for the control of LC patients, which is likely to be due to the fact that squamous cell carcinoma is sensitive to docetaxel and 95% of LC cases are squamous cell carcinomas. However, it has not been elucidated whether induction TPF enhances resectability on provision of priority to surgery in patients with locally advanced and resectable LC, which has been reported previously. The TAX324 study suggested that IC with TPF confers a long-term survival benefit compared with PF in locally advanced head and neck cancer. Therefore, it is recommended that patients who are candidates for IC ARE treated with TPF. In 2010, Calais ([@b40-mco-0-0-1645]) added the taxane docetaxel to PF, creating the TPF triplet regimen, which achieved significantly higher laryngeal preservation and laryngectomy-free survival rates compared with the PF doublet regimen. TPF is currently the accepted standard IC regimen in clinical trials including patients with resectable disease. However, Levy *et al* ([@b32-mco-0-0-1645]) reported that the addition of taxanes did not improve outcome in their series. Levy *et al* questioned the validity of the results of certain studies, such as the TAX324 trial ([@b34-mco-0-0-1645]), as it only included a total of 35 patients; thus, the interpretation of these results should be performed with caution and more studies are required to clearly determine the role of taxanes in this setting.

A number of laboratory trials validated the benefits associated with EGFR-targeted agents for the treatment of locally advanced and resectable LC. Traditional Chinese medicines, such as curcumin and resveratrol, are also currently applied in the treatment of head and neck cancer ([@b41-mco-0-0-1645]--[@b43-mco-0-0-1645]), in addition to being reported to be effective in tumors in other locations ([@b44-mco-0-0-1645]). Predictive biomarkers that reflect the efficacy and safety of IC are expected to assist with treatment selection, or used to determine whether IC must be performed, particularly in resectable lesions. In cases where the biomarkers predict disadvantage to IC, it should not be performed; otherwise, IC may be beneficial in terms of survival rate. Potential biomarkers may include DNA gene mutations, epigenetic variations, as well as levels of mRNA or protein expression ([@b45-mco-0-0-1645]). It was discovered that the mechanism underlying the antitumor effects of liriodenine is likely mediated via upregulation of p53 expression, which eventually stimulates cell apoptosis ([@b45-mco-0-0-1645]). p53 gene changes are strongly associated with low risk outcomes in PF-based IC, which suggests that patients with LC must first undergo screening for p53 changes prior to the selection of the most suitable treatment protocol. An international team ([@b46-mco-0-0-1645]) conducted a genome-wide association study (GWAS) on 993 patients with squamous cell LC and 1,995 cancer-free controls from Chinese communities, and identified three novel susceptibility loci at 11q12 (rs174549), 6p21 (rs2857595) and 12q24 (rs10492336). This was the first global cancer research applying GWAS, the results of which are expected to further advance the research on the mechanism of LC, aiding early identification, timely diagnosis and molecular targeted therapy of LC. In addition, Liang *et al* ([@b47-mco-0-0-1645]) conducted a study on dendritic cell (DC) fusion vaccine that acts on human laryngeal carcinoma HEp-2 cells. In the present study, it was revealed that that SOCS1 siRNA and IL-12 gene modified DCs together, which may provide novel strategies for polygenic therapy in LC. To the best of our knowledge, this is the first study on this subject available in the literature to date. Therefore, additional investigation is required to elucidate whether IC can enable organ preservation in non-laryngeal locations.

The number of related studies on LC is limited, and the sample size of the present study is small; therefore, the results must be interpreted with caution. In the present study, 3 articles reported patient withdrawals. Due to non-standardized cases with loss to follow-up and incomplete records, the actual and long-term curative efficacy of IC should be interpreted with caution, pending further research. The sample size of each RCT included in this study was satisfactory, and all RCTs reported adverse reactions in terms of mucosal damage caused by IC, with salivary gland, pharyngeal, esophageal and laryngeal toxicity being the most common serious events. These complications were associated with fatalities in all groups. In addition, attention must be paid to the possibility of IC-related kidney injury with ensuing renal functional changes. In the late-stage clinical studies, attention should be paid to the following: Applying the randomization principle, ensuring balance between groups, thereby improving the credibility of the research results; using blinding methods to reduce information bias; correct estimation of the sample size to reduce the sampling error; and censoring of withdrawals and cases lost to follow-up. In addition, the number of cases and the reasons for analysis should be provided; rigorous scientific inclusion and exclusion criteria should be established to ensure high quality of the RCTs; attention must be paid to the monitoring and recording of adverse reactions to better evaluate the safety of the interventions. In conclusion, IC confers an advantage in terms of lowering the rate of distant metastases, in addition to prolonging DFS, enabling laryngeal preservation and increasing the OS rate in the patients with locally advanced and resectable LC. However, there is no sufficient evidence to support its superiority in terms of locoregional control and local recurrence. More studies on laryngeal preservation are required to optimize IC protocols; moreover, additional molecular biomarkers are required to identify patients that are likely to respond to IC.
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